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Selective activity of metaliocene-type catalyst for isotactic poly-alpha-olefin pioduction 



(57) Provided is process for polymerizing isotactic 
poly-a-olefin conprising the steps of: 

A. Providing suitable catalyst system comprising 
metallocene-type catalyst capable of producing iso- 
tactic poly a-olefin; cocatalyst or catalyst activator; 
and, optionally, catalyst system support; 

B. Activating suitable catalyst system by contacting 
with alkyi aluminum such that the activated catalyst 
system is used for polymerization: 

1 ) within a minimum of about two hours through 
about 72 hours of its activation for producing 
polymers of melt flow greater than about eight 
dg/min; 

or 

2) within about six hours through about four- 
teen days of its activation for producing poly- 
mers of melt flow equal to or less than about 
eight dg/min; 

C. Polymerizing suitable monomer, using activated 
catalyst system, to obtain desired isotactic polyole- 
fin; and 

D. Separating desired isotactic polyoiefin. 
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E>escripti n 

Reld of the Invention 

5 This invention relates to the use of metallocene molecules, in combination with appropriate cocatalyst. activator, 
agent for aging, or combinations thereof for the production of differentiated tactidty polymers, notaisly poly-a-olefins. 
particularly polypropylene. 

Background of the Invention 

10 / > . : , . .■ 

It is known Jiat various fetors affect the catalytic ability of the various metallocenes. cocatalysts, activators, and 
combinatiohs availat>le. We have found that the metallocene/activator combination^ notably with supported catalyst sys- 
tems, for isc^ecific polymer productipn benefits from unique pre-treatment leading to enhancement of catalyst activity. 
We have noted, particularly, that the supported isospedfic catalyst which is capable of producing high melt flow prod- 
15 ucts, products greater than about 1 0 dg/min, wilt provide higher polymer productivity when it is used very soon after acti- 
vation with alkyi aluminum; the shorter the digestion time, the higher the catalyst productivity as measured by polymer 
production. However, isospedfic metaflocenes which are capable of producing lower mett flow resins, those products 
less than about 10 dg/n^n, tend to retain their activity for longer periods after activation. We have also found that the 
type of activator affects the activity of the catalyst as well as its aging requirements. 
20 Catalyst productivity is of high interest to the producer of polymers. Simply put, the catalyst system is the most 
expensive raw material in the polymer production process; doubling the productivity of the catalyst effectively cuts th 
cost of that most expensive conponent in haH. This is an enticing can-ot before any polymer producer. 

U.S. 5.393^351, issued to Ewen February 28, 1995, desaibes addition of: an oleaginous solvent based solution of 
alumoxane, aluminum alkyI, or oombiriations of both to a previously-made concentrated stock solution of metal- 
25 locene/alumoxane catalyst solutiori to provide alunmnuni necessary to enhance the catalytic reaction and to optimize 
the atumirium to metai ratio. . . j : 

U.S. 5,258.475. issued to Kissin November 2, 1993, describes addition of mixture of trimethylaluminum (TMA) and 
an organotin to precursors of metallocenes. Such ex^dition acconpllshes catalyst activation. It is particularly noted that 
such activation may be useful tor up to atx)ut 100 hours prior to catalyst introduction into the polymerization medium. 
30 U.S. 5,241 .025, issued August 31 , 1 993 to HIatky et al. describes a catalyst system which comprises a Group I ll-A 
(Group 13) element canpound for improving tiie productivity of an olefin p>olymerization catalyst which is the reaction 
product of a Group IV-B (Group 4) transition metal and an ionic activator conpound which will irr6versit>ly react with at 
least one ligand contained in tiie Group IV-B metal compound. 

U.S. 5.153,157, issued October 6, 1992 to HIatky et al.. describes the combination of metallocene catalysts and 
35 ionic activators. This combination provides an active catalyst system for polymerization of alpha-olef ins. 

U.S. 5.145.819 issued September 8, 1992 to Winter et al. descrbes 2-substituted disindenylmetallocenes (sic), 
process for tiieir preparation, and their use as catalysts in the polymerization of olefins. While this invention descril:)es 
the use of 2-substituted bisindenyl metallocenes with methylalumoxane coc^talyst. together forming the catalyst sys- 
tem, for polymerization of olefins, no mention is made of activation of the catalyst system. No comment is made relative 
40 to timing of polymerization after formation of the catalyst system. 

U.S. 4,933.403 issued June 12, 1990 to Kaminsky etal. describes a process for tiie preparation of optically active 
, polyptefins. particularly isotactic polypropylene. This inverition^is exemplified by polymerization with optically active eth- 
ylene-bis-(4,5,6,7-tetrahydroindenyl)-zirconium dichlorkie (metallocene) arxi trimethylalurnoxane. 

WO 9614151, as put>lished 17 May 1996, describes a silica supported catalyst system for alpha-olefin potymeriza- 
45 Won of a zirconiurn metallocene. dibutylmagnesium. 1-butanol, titanium tetrachloride and metiiylcdumoxane. Use of 
such catalyst produces polyethylene witii a bimodal molecular weight distribution. / 

WO 9613530, as published 9 May 1996, descrit>es a catalyst system for olefin polymerization providing a sup- 
ported mixed metal locene/non-metallocene catalyst. Such catalyst system provides broad molecular weight distribu- 
tions., ^ ^ ■ ■■■ 

so \ ^ ' ■ - ' 

Summary of the Imfention 

Our invention provides, at least, high activity supported metallocene/alumoxane catalyst system for production of 
isotactic poly-a-olefin, particularly isotactic polypropylene (iPP). Also provided is means of produdng isotactic poly-a- 
55 olefin at high rates and means of using metallocene/alumoxane catalyst system useful for produdng isotactic poly-a- 
olefin during the system's period of highest activity. 
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Brief Description f the Drawings 

Figure 1 graphically displays isospeclfic catalyst system productivity plotted against aging or activation time, as 
beginning with introduction of aluminum aikyi into the catalyst system. 

Detailed Description 

We provide embodiments of our inverrtion in which metallocene\activator catalyst systems are treated to yidd 
improved catalyst productivity. We also provide embodiments of our invention for production of isotactic polydefin, 
10 especially poly-a-olef in. particularly isotactic polypropylene (IPP), at notably high rates. 

An embodiment provides use of catalyst system comprising metallocene-type catalyst capable of producing isotac- 
tic poly a-olefin; cocatalyst or catalyst activator; and. optionally, catalyst system support; such system being activated 
by contact with alkyi aluminum: such thai the activated catalyst system is used for polymerization: 

A. within a minimum of about two hours ftrdugh about 72 hours of its activation for producing polymers of melt flow 
greater than about eight dg/rtiin; 

or • ■' • " ■ ■ ' .■ ' ■ 

B. within about sisi! hours through about fourteen days of its activation for producing polymers of melt flow equal to 
or less thaaabout eight dg/min. ■ « ' 

Another embodiment provides process for polymerizing isotactic poly-a-olefin comprising the steps of: 
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A. Providing.suitable catalyst system cdmprisirig rnetalldcene-type catalyst capable of producing isotactic poly a- 
olefin;cocatalyst:orcatalysrQcti\«itCH';arTb; optionally; 

B. Activating suitable catalyst system by contacting with alkyllaluminiim'such ihat the activated catalyst system is 
used for polymerization: ^ . " • 



1 ) within a niininruim of ^irt two hours through about 72 hours d rt^^ 
flowgreaters-thanaboiitfeightdg/min; . . . ; . 

2) within>about six hoiirs through about fourteen'days of its activation for producing polymers of melt flow equal 
to or less than about eight dg/ihiri; ' 

C. Polymerizing suitable monomer, using activated catalyst system, to obtain desired isotactic polyolefin* and 
35 D. Separating desired isotactic polyolefin. 

A third embodiment provides process for polymerizing isotactic polypropylene comprising the steps of : ' 
A. Providing catalyst system comprising: 

40 _ ■ ■ - ■ . - , 

1) dimethylsily! bis-2-methylindenyl zirconium dichloride and methylalumcocane, or ' 

2) dimethylsilyl bis-2-methyl,"4^phenylindenyl zirconium dichloride and methylalumoxane, supported on parti- 
cles comprisirig silica; . * 

45, B. Activating catalyst system by contacting with triisbbutylalumirium; 

C. Isotactically polymerizing propylene monomer using activated catalyst system within, respectively accordinq to 
step A.: • . , - ' ^ 

1 ) a minimum of about two hours through about 72 hours of its activation for producing polymers of melt flow 
so greater than about eight dg/min; 

or ' , - 

2) within about six hours through about fourteen days of its activation for producing polymers of melt flow equal 
to or less than about eight dg/min; and 

55 D. Collecting desired Isotactic polypropylene. , ' ' 

While various factors affect the suitable use of catalyst capable of producing Isotactic poly a-olefin. or polymeriza- 
tion of poly a-olefin particularly polypropylene, to provide product in the desired melt flow ranges, we have found ttiat 
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desired, product will optimally be produced through use of temperatures in the range of aljout 50°C through alwut 70°C 
particularly in the range of about 55«C through about 65«C, and especially at about 62°C: and vvith hydrogen concen- 
tration in the range of about zero through about 0.1 mole%, particularly in the range of up to about 0.05 mole% and 
especially within the range of about zero through about 0.015 mole%. Such conditions of temperature and concentra- 
tion are particularly useful in liquid and bulk-phase polymerization systems but the principles of optimal use or produc- 
tion are transferable to ottier polymerization systems. 

Numerous metailocene-type catalysts are now well known in the art. Sorrje of them are exemplified by US 
5.241,025; U.S. 5.153.157; U.S. 4,933,403; and U.S. 5.145,819. Useful metallocenes for this particular invention 
include those with a bridging group between the two mono or polynuclear structures which include at least a cyclopen- 
tadienyl nng bonded to the metal of the catalyst molecule. Such bridges usefully provide stereorigidity to the metal- 
locene molecule by preventing free rotation of the cyclopentadienyi ring-beai-ing structure. These bridging groups will 
preferably also serve to control the accessibility of the active polymerization site by opening or closing the angle 
between the two cyclopentadienyl-ringHDearing structures orligands (Cp ligands). The bridge may also usefully block 
or open the area around the bridge itself by providing bulky or minimally-sized skJe groups pendant from the actual 
bridge. The bridges may usefully include between about one and about four atomb making up the actual bridge struc- 
ture between the Cp ligands. Such bridges may include carbon atoms vtrhich may be contributed by alkyl or alkylene 
groups, as well as silicon atoms which may be contributed by silylene, silyl, and other homologous groups such as those 
which are germanium- or even tin- containing. Various side groups may be included with the bridging ligand serving to 
block, by bulky side groups, or open, by small side groups; the area near the actual bridging path. Useful such bridging 
groups indude ethylene, silylene. silyl. germyt. and germylene. Particularly useful bridges are found in the RR'Si group 
in which R and R'.may be the rame or different and either may be phenyl, propyl, ethyl, methyl, or combinations thereof. 
In light of availability as wefl as excellent functioning, the dimethyisilyl group has been found to be notably beneficial. 

In propagating isotactic polydefins. it is useful to provide a subslituent pendant from the 2- position of the cyclopen- 
tadienyi nng-conlaining ligand (Cp ligand). 2-alkin substitutions on the cyclopentadienyi rings usefully assist isotactic 
propagation of the poly-a-defins. Such substituent* may be snhaJI or bulky and particularly may be straight, branched 
substituted alkyl groups, or their combinations, cycloakyi groups, a aryl groups including phenyl and tolyl. Particulartil 
useful substituents at this position for the practice of this invention are t-butyl. isdpropyl. ethyl, and methyl radicals 
Based on expenence and in light of. availability, the2-methyl substitrted indenyl is notably useful. 

.. Further useful species of substituted bis-indenyl metallocenes include those' which'are substituted at the 2- and 4- 
positions. Substituents at the 2- position remain as previously describ^ed' while tfiose at the 4- positiai are bulky alkyl 
groups and aromatic radicals including phenyl, tolyl, other phenyi-derived groups, napHthyl. fluorenyl. and their combi- 
nations. Based on experience and availability, particularly useful results 'are avalfable with the 2-methyl. 4-phenyi inde- 
nyl metallocenes. " • - ^ 

Useful metals to serve as the central coordination point and provide the active polymerization site for the metal- 
locene molecule are those in Groups 3. 4, and 5 of the Periodic Table of the Elements. Choice of the metal atom will 
require consideration of the atom size. It may be posstole, for example that a larger diameter metal atom will provide 
easier or more open access to the active polymerization site while a smaller diameter metal atom may be less active, it 
may provide a tower error rate in producing isotactic polymer/Those metals found in group 4. particularly zirconium are 
notably useful in the practice of this invention. ' 

Within the discusston of our Inventton, the metallocene chlorides, geherally the dichlorides wUI be discussed and 
exemplified, It is to be understood that other halog'enmed metallocenes as well as alkylated species are also perfectly 
functional in the practice of our invention and they are considei'ed as effectively equivalent to the chlorides. For exam- 
ple, metallocene dibromides and the alkylated homologues such as dimethyl and diethyl metallocenes will find benefi- 
cial use in the practice of our invention. - . 

The cocatalyst or activator portion of the catalyst system may be a bulky labile ionic activator which may be in-e- 
versibly reacted with catalyst, alumoxane, or combinations thereof. Many of these activators are now well-known in the 
art and some are described in U.S. 5.241.025 and U.S. 5.153.157, or alumoxane. A particularly useful activator or 
cocatalyst for the practice of this invention is methylalumoxane but others including ethylalumoxane and isobutylalu- 
moxane. their combinations, or their corhbinations with methylalumoxarie may be used. 

For the practice of this invention, the catalyst system may be optionally supported. Gerierally such supported cat- 
alyst systems are preferred since they are riwe easily handfed. Usefully'the support will be Inert in the polymerization 
reaction, will have large effective surface area, and will hold the catalyst system, or at least one component thereof, to 
Its surface. Numerous such supports are now well-known in the art including zirconia, alumina, silica, titania maleic 
anhydnde grafted polypropylene, starch, and other polymer such as p-hydroxypolystyrene. as well as their combina- 
55 tions. A notably useful support in the practice of this invention is siUca. 

AJkyI aluminums, or aluminum alkyls. provide catalyst system activation prior to use of the system. Useful system 
activators include trimethylaluminum (TMA). triethylaluminum (TEAl), dialkyi aluminum halides including diethyl alumi- 
num chloride or bromide or dimethyl aluminum chloride or bromide, and others. Particularly useful in the practice of this 
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invention is trhisobutylaiumlnum (TIBAI) and tri-n-octyl aluminum (TNOAI) for use with Me2Si(2-Me-lnd)22rCl2 and 
TiBAI. TNOAI. and.TEAl for ^(le2Si(2-Me^ 4-Ph^ lnd)22^^ 

Examples .... 

Metallocene/aclivator or cocatalysl catalyst systems for this series of experiments were produced and sipported 
by providing 40 g silica which were transferred into a three-neck 1.0 I round-bottom flask urxJer dry nitrogen purge. 
Some useful alica-based supporting media may be selected from P-10, Q-10, G-6, silica-titania and silica-alumina as 
available from Figi-sylisia as well as H-121 and H-31 as available from Asahi Gla^. Preferably the support used will 

10 have small and uniform particle sizes with high effective surface area and high pore volume. For examples 1 - 6. G-6 
was used jas the suqaporting medium, while P-l 0 silica was used as the supporting medium for examples 7-11. Some 
resulte have been seen in our experimentation suggesting that the ratio of co-catalyst/activator to silica affects final cat- 
alytic aaivity. Our work demonstrates that the trends regarding aging-time sensitivity are similar with catalysts of this 
type and varying support media. The greatest possible catalytic activity, however, may not necessarily be attained in the 

15 absence of determination of ttie best co-catalystysupport ratio. In thesse cases this will be the MAO/silica-based support 
ratio whose optirnum may or may not have been fully determined for each of the support media used in our experimen- 
tal (evaluations. ' , . < , 

The flask was equipped with a reflux condenser capped with a gas inlet adapte^^ 
tioh funnel capped with a rubber septum, and the last neck was capped witii a rubber septum. The silica-based support 
20 was slun-ied in 250 ml toluene at room temperature. 135.2 ml of a 30% methylalumoxane (MAO) solution in toluen at 
roonri terrperature was slowly introduced into the flask. The resulting reaction is exothermic and releases methane as 
a by-prcduct. The reaction mi)^^ 

and stirring was stopped arjd the.corrtente of the flask were allowed to settle while oJoiing to room temperature. The 
supernatent' was removed^ and the slurry was washed four^ times with 1 00.ml afe|uots of toluene at room temperature. 

25 The resulting solid was dried at 70*?C under vacuum for three hours. The MAO/support w«s recovered as an off-whit 
free-flowing solid. . - * - 

About 50 n^.dry toluene wjas added to 5,0 g. of the M AO/support in a SOO'ml single^neCk. side-arm; round-bottomed 
flask and the mixture was stin;ecl,at rponvtenrperaturei. A total loadirig of isospecific metallcicene, dimethylsilyIbis-2- 
methylihdenyl zirconiuni dichloHderecognized as berrig useful.for producing isolactic polypropylene (IPP) witii reason- 

30' able molecular weighted sq|id,ra^ in.tofuene and added to the MAOfeilica toliiehe slurry at room temperature, 

the mixture wa5 stirred at room temperature fbr one hour, under argon. The reaction mixture was left to settle at room 
temperature for fifteen minutes at which tirine the supernatant was removed. The solids were dried at room temperature 
under vacuum for one hour. 

A master batch slurry of 180 mg of the supported metallocene, 8.3 ml mineral oil and 1 .7 ml of 25% triisobutylalu- 
35 minum (TiBAI) in hexanes was prepared at room temperature (about 25**C). This master batdi was tiien aged at room 
tenperature for varying periods of time prior to each polymerization. A 1 .0 ml aliquot of the master slun-y was Used for 
each polymerization of isbtactic,. poly-ct-def in polymerization. Polymerizations were conducted in a 2.0 liter laboratory- 
scale autoclave (Zipperclave) liquid-phase stainless-steel batch reactor. The reactor was clean, dry. and had been thor- 
oughly purged with dry nitrogeri. the autoclave was then charged with 1 .4 liters of liquid propylene and 16 mmoles of 
40 gaseou? hydrogen. A 36 mg pprtiori of catalyst and 77 mg of TEAL were mixed in 1 ml mineral oil iand placed in a stain- 
less steel 100 ml borrti. The mineral oil slurry was precontacted with a small amount of dry propylene at room temper- 
ature for approximately five seconds to allow sprpe prepolynrierization prior to charging into the reactor. The mixture was 
then heated to 60*C. stined at approximately ipoo rprn. and maintained for 60 minutes. Atlhe end of this time polym- 
erization was terminated by rapidly venting ttie reactor of unreacted monomer. The resulting polymer was then sepa- 
45 rated followed by being dried at 80**C. ^ 

Examples 1-6 

For ttiis series of polymerizations, master batch was aged for twelve minutes, two and one-half hours, six hours. 
50 fifteen and one-haH hours, twerity-six hours, and forty-eight hours, respectively, prior to each polymerization run. 

Aging time begins upon. introduction of TiBAI in mineral oil into the supported catalyst system sluny. The results of 
this series are pres;ented iri Table 1 below* 

55 TaWeJ 



Example # 


1 


2 


3 


4 


5 


6 


Catalyst System Aging (hrs) 


0.2 


2.5 


6.0 


15.5 


26.0 


48.0 
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Table 1 (continued) 



ExampI # 


1 


2 


3 


4 


5 


6 


Productivity (g/g/hr) 


6570 


6570 


4640 


.4610 


2890 


2180 



In this series of experiments tt is dear that the time tag between activation of the catalyst system with the alky! alu- 
minum and use of the catalyst system is critical to gaining advantage of the catalyst productivity for the isospecific cat- 
alyst. In the case of this isospecific catalyst system, that time period should be as short as possible, but clearly there is 
not remarkable deterioration in activity before the expiration of two hours. Also, it may be noted that reasonable, com- 
mercially acceptable activity levels remain until about six hours post-activation. We have noted a similar criticality of the 
post-activation, or digestion, time, yet with the opposite effect for the syndiospecific catalyst systems. With syndiospe- 
cif ic systems, an apparent need for longer digestion, or aging, is necessary to gain benefit in productivity of the catalyst 
system. This effect is described in copending application, USSN 08/503763, as filed 18 July 1995. 

The effect of the choice of agent for activation or digestion was tested by uang the same master batch, supported 
on P-IO. arid activating ^with TiBAI, TEAL, and TNOA!. Data obtained in this study are presented below in Table 2. 



Table 2 



Example # 


7 


8 


9 


10 


11 


Catalyst System Aging (days) 


rP- 


1 


2 


4 


6 


Productivity TiBAI aging (g/g/hr) 


8,100 


13.500 


13,500 


8,900 


6,250 


Productivity THAI aging (g/g/hr) 


8.000 


2.206 . 








Productivity TNOAI aging (g/g/hr) 


8.050 


8.150 


7.500 







Rom these data. It is apparent that TIBAI is a useful agent fa activation lor the isospecific catalysts and it functions 
well during the period in wfiich its aged catalyst is functional, but it creates a atuation in which the activity peaks quickly 
and drops off rapidly in a dramatic fashion. In contrast, TEA! attains a fair activity level quicWy but drops off precipitously 
extremely rapidly. A more stable aged or digested catalyst system may be obtained using TNOAI as the agent for diges- 
tion. It is apparent that it reaches a fair activity level quickly and maintains it well for an extended period. While the 
TNOAI activated catalyst system will not be as active as those activated with TiBAI, they will not be as dramatically time- 
sensitive. 

A set of experiments, parallel to Examples 1 - 6, were run using the isospecific catalyst dimethylsilyl l)is-2-methyl, 
4-phenylindenyl zirconium dichloride, known for producing high molecule weight isotactic poly-a-olef in. The master 
t>atch was prepared in a fashion similar to that described in the catalyst preparation section prior to the previous exam- 
ples. For this nraster batch, the Me2Si(2-Me- 4-Ph-lnd)2Zra2 metallocene was supported on P-10 from Fuji-sylisia. The 
agent for activation or aging was. again, TiBAI. Results of the aging study are presented below in Tatile 3. 



Table 3 



Example # 


1.2 


13 


14 


15 


16 


Catalyst System Aging (days) 
Productivity (g/g/hr) 


-0- 
11.050 


1 

15,800 


2 

15,500 


4 

16,950 


6 

17.150 



From these data it is apparent that, in contrast to the aging or activation of the lower molecular weight-producing cata- 
lyst system, the high molecular weight-producing system will reach a reasonable activity level and maintain that high 
level over time with TIBAI as the agent for digestion or ripening. Again. TiBAI is demonstrated as a good agent for acti- 
vation over the time in which it is functional with the isospecific catalyst systems: it does however, have a better retention 
of activity level over time with the high MW-producing systems, those employing 2- and 4- substituted indenyl ligands. 

These examples are provkjed for assistar%:e in understanding this invention and the way in which it works. They are 
riot intended, in any fashion, to limit the invention but are, siniply illustrative. Those skilled in the art will recognize, from 
these representative examples and the entirety of this description, modifications which have not been specifically men- 
tioned but which are intended to be included within this invention as claimed below. 
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Claims 

1. Use of catalyst system comprising metallocene-type catalyst capable of producing isotactic poly a-olefin; cocata- 
lyst or catalyst activator; and. optionally, catalyst system support: such system t>eing activated by contact with alkyi 
aluminum; such that this activated catalyst system is used for polymerization: 

A. within a minimum of about two hours through about 72 hours of its activation for producing polymers of melt 
flow greater than about eight dg/min; 

or * 

B. within about six hours through about fourteen days of its activation fbr producing polymers of melt flow equal 
to or less than about eight dg/min. 

2. Process for polymerizing isotactic poly-a-olef in comprising the steps of : ^ 

A. Providing suitable catalyst system comprising metallocene-type catalyst capable of producing isotactic poly 
a-olefin; cocatalyst or catalyst activata; and, optionally, catalyst system support; 

B. Activating suitable catalyst system by contacting with alkyI aluminum such that the activated catalyst system 
is used for polymerization: 

1 ) within a minimum of about two hours through about 72 hours of its activation for producing polymers of 
^ melt flow greater than about eight dg/min; 

or ^ , 

2) within about six hours through about fourteen days of Its activation fbr producing polymers of melt flow 
equal to or less than about eight dg/min;' ' 

a Polymerizing suitable monomer, using activated catalyst system, to obtain desired Isotactic polyofefin; and 
D. Separating desired isotactic polyoiefin. 

3. Process for polymerizing isotactic polypropylene comprising the steps of: 

A. Providing catalyst systern comprising: 

1) dimethylsilylbis-2-methylindenyl zirconium dichloride and methylalumo^^ ' 

2) dimethylsilyl bis-2-metf^l. 4-phaiylindenyl zirconium dichloride and methylalumoxane. supported on 
^ particles comprising silica; . < 

B. Activating catalyst system fcy contacting v«th triisobutyialuminum; 

C. Isotactically polymerizing propylene monomer i^ing activated catalyst system within, respectively according 
to step A.: , 

40 ' 

1) a minimum of about two hours through about 72 hours of its activation fbr producing polymers of melt 
flow greater than about eight dg/min; 

or ^ • . 

2) . within about six hours through about fourteen days of its activation for producing polymers of melt flow 
45 ' equal to or less than about eight dg/min; and 

D. Collecting desired isotactic polypropylene. 

. 4. Use of catalyst system according to claim 1 wherein: 

A., metallocene-type catalyst has bridging group between cyclopentadienyl ring-bearing ligands; substituent 
group pendant to the carbon at the 2- position of both.cyclopentadienyl ring-bearing ligands. substituent gr up 
pendant to the carbon at the 4- position of both cyclopentadienyl ring^earing ligands, or combinations thereof; 
and Group 4 metal atom bonded to both cyclqDentadienyl rinjg-bearing ligands; 
55 B. co-catalyst is present and Is alumoxane. 

5. Use Of catalyst system according to Claim 4, wherein: 
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A. bridging group comprises silicon; and 2- position substituent has between one and about five carbon atoms, 
4- poation substituent is aromatic and has between about five and about ten carbon atoms, or combinations 
thereof; 

B. alumoxane is selected from trimethylalumoxane, triethylalumoxane, or combinations thereof; and 

5 C. use temperature Is within the range of about 50**C through about 70**C and hydrogen concentration is within 

the range of about zero through about 0.1 nrK)le%. 

6. Useof catalyst system according to claim 5, wherein: ' 

10 A. bridging group is dimethyl silyl; 2- position substituent is methyl, 4- position substituent is phenyl, or combi- 

nations thereof; and Group 4 metal is zirconium; 

B. alunnoxane is trimett^alumoxane; and 

C. catalyst system support is present 

15 7. Use of catalyst system according to claim 6, wherein use for polymerization occurs within about two hours of acti- 
vation for methyl only sutstituted species or within about 6 to about 1 2 hours for species. with phenyl substitution at 
the 4- position. 

8. Use of catalyst system according to claim 7. wherein catalyst system activation is accomplished with triisobutylalu- 
20 minum. . ^ . 

9. Process of claim 2 wherein metallocene-type catalyst has bridging group between cyctopentadienyl ring-bearing 
ligards; substituent group pendant to the cartx)n at the 2- pps;ition of both cydopentadienyl ring-bearing ligands, 
substituent group pendant to the 4- position of both cydopentadienyl ring-bearing ligands. or combinations thereof; 

25 and Group 4 metal atom Ijonded to both cydopentadienyl ring-bearing ligands, co-catalyst is present and is alu- 
moxane, and reaction temperature is within the range of about 50**C through about 70'*C and hydrogen concentra- 
tion is within the range of about zero through about 0.1 mole%. 

10. Process of claim 9 wherein: 

30 

A. bridging group conrprises silicon, and 2- position substituent has between one and about five caiison atoms. 
4- position substituent is aromatic and has between about five and about ten cartx)n atoms; and 

B. alumoxane is selected from trimethylalumoxane, triethylalumoxane, or combinations thereof. 

35 11. Process of daim 10 wherein: 

A. catalyst system support is present; 

B. alkyi aluminum used for activation Is selected from trimethyl aluminum, triethyt aluminum, dimethyl alunu- 
num halide, diethyl aluminum halide, triisobutyl aluminum, diisotwityl aluminum halide. or combinations thereof 

40 ;and 

C. polymerization method Is selected from gas phase, liquid phase, bulk phase, or high pressure polymeriza- 
tion. 

12. Process of claim 1 1 wherein bridging group comprises silicon; and 2- position substituent has between one and 
,45 about five carbon atoms. 4-position substituent If present has about six cartwns providing its aromatic structure, or 

combinations thereof. 

13. Process of daim 12 wherein: 

so A. Bridging group is dimethyl silyl, 2-position substituent is methyl, 4- position substituent is phenyl. Group 4 

metal is zirconium, and alumoxane is trimethylalumoxane: and 
B- Catalyst system activation is accomplished with triisobutylaluminum. 

C. Polymerization occurs within about two hours of catalyst system activation for 2-substituted catalysts or 
within about six to about fourteen hours with 2-. 4- sut}stituted catalyst. 

55 

14. Process of daim 13 wherein suitable monomer is propylene, and desired polymer is isotactic polypropylene. 

15. Process of claim 3 wherein polymerization method is selected from: gas phase, liquid phase, bulk phase, or high 
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pressure polymerization. 

1 6. Process of daim 15 wherein polymerization occurs within about two hours of catalyst system activation. 

17. Process of claim 3 wherein polymerization tenperature is within the range of about SO'^C through about 70°C and 
hydrogen concentration is within the range of about zero through about 0. 1 mole%. 

18. Use of catalyst system according to claim 7 wherein use temperature is in the range of about 55**C through about 
65°C, and hydrogen concentration is in th© range of about zero through about 0.05 mole%. 

19. Use of catalyst system according to claim 18 wherein use temperature is about 62*C, and hydrogen concentration 
is in the range of about zero through about 0.015 mole%. 

20. Process of daim 12 wherein polymerization temperature is within the range of about 50°C through about 70*'C and 
hydrogen concentration is within the range of about zero through about.0.1 mole%. 

21 . Process of daim 20 wherein polymerization temperature is within the range of about 55X through about 65*»C and 
hydrogen concentration is within the range of about zero frirough about 0.05 mole%. 

22. Process of claim 21 wherein pdymerization temperature is about 62«C and hydrogen concentration is within the 
range of about zero through about 0.01 5 mole%. 

23. Process of claim 15 Ujierein polymerization temperature is about 62^C and > hydrogen concentration is within th 
range of about zero, through abpu^ , ^ 
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